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Compute Function

* Compute:
y=Ax? +Bx +C
* Assume
—D(Mpy) > D(Add)
—A(Mpy) > A(Add)
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Spatial Quadratic

A

c
B
« A(Quad) = 3*A(Mpy) + 2*A(Add)
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Latency vs. Throughput

* Latency: Delay from inputs to output(s)

* Throughput: Rate at which can
introduce new set of inputs
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Washer/Dryer Example

1 Washer Takes 30 minutes

1 Dryer Takes 45 minutes

* How long to do one load of wash?
— > Wash latency

How long to do 5 loads of wash?
Wash Throughput?
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Spatial Quadratic

A

C

B

« D(Quad) = 2*D(Mpy)+D(Add) = 21

« Throughput 1/(2*D(Mpy)+D(Add)) = 1/21
« A(Quad) = 3*A(Mpy) + 2*A(Add) = 32
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Quadratic with Single
Multiplier and Adder?

» We've seen reuse to perform the same
operation
— pipelining

* We can also reuse a resource in time to
perform a different role.
—Here: x*x, A*(x*x), B*x
—also: (Bx)+c, (A*x*x)+(Bx+c)
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Pipelined Spatial Quadratic

* D(Quad) =
3*D(Mpy) = 30

* Throughput =
1/D(Mpy) = 1/10

* A(Quad) =
3*A(Mpy)+2*A(Add)+6A(Reg) = 35
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=

Quadratic Datapath

« Start with one of
each operation ><
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Quadratic Datapath

» Multiplier serves
multiple roles
—X*X
— A*(x*Xx)
- B*x
» Will need to be able
to steer data
(switch
interconnections)

11
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. X,A, B
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Quadratic Datapath

» Multiplier serves
multiple roles

— X*X
— A*(x*Xx) §
- B*x |
* —
* X, X*X




Quadratic Datapath

* Multiplier serves X*X reg.
multiple roles
—X*X X
— A*(x*x)
- B*x A
* X, X*X B

« x,AB
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Quadratic Datapath
X*X reg.
X
Y reg.
A g
B
C
P ESE535 S BX+C reg.

Cycle Impact?

* Need more cycles X' reg.
» How about the delay of
each cycle?
— Add mux delay

— Register setup/hold time,
clock skew Bx+C reg.
— Limited by slowest
operation
— Cycle?
* D(Mpy)+2*D(Mux2) = 10.2 17
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oW

Y reg.

Quadratic Datapath
+ Adder serves X*x reg.
multiple roles
— (Bx)+c X
— (A*x*x)+(Bx+c)
* one always mpy A
output B
* C,Bx+C c
Bx+C

Quadratic Datapath
* Add input
register for x

x*X reg.

Y reg.

i

oOw>

Bx+C reg.
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Quadratic Control

* Now, we just need to control the datapath
* What control?
» Control:
—LDx
— LD x*x X
— MA Select Y reg.
— MB Select
— AB Select ] -

~LD Bx+C b

-LDY Bx+C reg.

x*x reg.

oOw>
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: Quadratic Memory Control
Quadratic Control ry
1. LD X 0b1: 00010010
- . Address —S—f 0105 00001000
2. MA_SEL=x,MB_SEL[1:0]=x, LD_x*x 1. LD_X 900: 20700000
T epE = "~ = - 2. MA_SEL=x, MB_SEL 101: 90000000
3. MA_SEL=x,MB_SEL[1 .?]—B [1:0=x, LD. x*x ) H}’LLLL
4. AB_SEL=C,MA_SEL=x*x, MB_SEL=A, 3. MA_SEL=x, MB_SEL XX reg. EEEBEESE
LD Bx+C x*xreg. [1:0]1=B
5. AB _SEL=Bx+C,LD_Y 4. AB_SEL=C, X
X MA_SEL=x*x, Y
Y reg. MB_SEL=A, LD_Bx A reg.
. A +C B +
[Could combine 1 and 5 and B —- _ p
do in 4 cycles; analysis c 5. AB_SEL=Bx+C,LD_Y .
that follows assume 5 as shown.] '
Bx+C reg. Bx+C reg.
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000: 00000001

Quadratic with 2 Mult, 1 Add
A Xx B

Quadratic Datapath

' »
A .
 Latency/Throughput/Area? ¢ A(XX) ®X)+C
. Latency: 5*(D(MPY)+D(mUX3))=51 Bx+C reg. Y(\*B)*(;()SCX))
* Throughput: 1/Latency ~= 0.02
* Area: A(Mpy)+A(Add)+5*A(Reg) * Latency = 3*(D(Mpy)+D(Mux))=30.3
+2*A(Mux2)+A(Mux3)+A(Imem) + Throughput = 1/30.3 ~=0.03
=17.5+A(Imem) - Area = 2*A(Mpy)+4*A(Mux2)+A(Add)
Penn ESE535 Spring 2011 -- DeHon . Penn ESES3€:‘;§:A(WR|QQV) = 265 2
Quadratic: Area-Time Tradeoff ,
Registers>Memory
mm
3M2A (pipe) 35 0.1 » Generally can see many registers
2M1A 26.5 0.03 30.3 . .
* |If # registers >> physical operators
1IM1A 17.5 0.02 51
— Only need to access a few at a time
SM2A « Group registers into memory banks
§ IMIA - J2M1A
=
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Memory Bank Quadratic
|

» Store x
XX [y
* B*x

* A*x2; B*x+c
(A*x2)+(B*x+c)
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Memory Bank Quadratic

+ Store x

* X*X

* B*x

« A*XZ; B*x+c
(A*x2)+(B*x+c)
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Cycle Impact?

How cycle changed? S

« Add mux delay It

» Register setup/hold
time, clock skew

* Memory read/write
— Could pipeline
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Cycle Impact?

» Add mux delay

I I I
- Register setup/hold It
time, clock skew

* Memory read/write
— Could pipeline
— Impact?
« Latency
« Througput?
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VLIW

» Very Long Instruction Word
» Set of operators
— Parameterize number, distribution (X, +, sqrt...)

« More operators—> less time, more area
« Fewer operators-> more time, less area

* Memories for intermediate state
* Memory for “long” instructions
» Schedule compute task

» General, but potentially more expensive than
customized
— Wiring, memories get expensive
— Opportunity for further optimizations
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VLIW

Address . —
Instruction ]

Memory —

[ H

LT H
LT H
F#

Penn ESE535 Spring 2011 -- DeHon




Review

* Reuse physical operators in time
» Share operators in different roles
 Allows us to reduce area at expense of

increasing time 'y
* Area-Time tradeoff ‘M‘A’/Xm
* Pay some sharing overhead

Area

Throughput

— Muxes, memory

* VLIW — general formulation for shared
datapaths
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Design Automation

Sets up two problems for us:

* Provisioning
— (Architecture Selection)
— After Spring Break
— (piece of next Monday)
» Scheduling
— Next two lectures
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Behavioral
(C, MATLAB, ...)
1 Arch. Select
Schedule
RTL
FSM assign
Two-level,
Multilevel opt.
Covering
Retiming
Gate Netlist

Placement
Routing

Layout

Masks

Admin

» Assignment 1 out today
— Grab from syllabus
— Due next Monday
— Includes Tools warmup
— (student-maintained Java project base)

* Reading for Wednesday online
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Big Ideas:

» Scheduled Operator Sharing

* Area-Time Tradeoffs
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